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VARIABLE DELAY LINE 



Tf (^hnirai F irlfl nf thf '""-"tinn 
5 The present invention relates generally to delay elements, and in partieular, the 

present invendon relates to variable delay lines used in delay lock loops. 

Dnrlrp-nimfl nf thft Tnvpntion 
Electronic systems typically inclnde circuit boards, and the circuit boanis 
,0 typicallyincludes^iconductordevices. Some semiconductor devices eommumeate 
witheach other usingdock signals for timing. For example, devices usingaoommon 

clock signal cancommunicate with one another by drivingdata when sending, and 

latching data when receiving, using timing doived ftom me common clock st^al. 
Clock signals can be used to control timing internal to the semiconductor 
J5 devices, and can also be used to control timing external to the semiconductor devtces. 
For example, in devices having internal storage elements, or "synchronous elements, 
an intern^ clock signal is "fanned out" to the synchronous elements intemal to fte 
devicesuch.hat,heintemalsynchro„ouBelemen.scanreli*lycommun.cate.Tl.ese 

^conductor devices can also drive data from within the device throu^ conductors 
20 the device boundary, and drive signal nodes external to the device. 

Whenadocksignalisreceivedbyasemiconductor device, ttundergoesafunte 

^untofdelaywhenenteringthedevice. This deUy can be caused by t,a« 
ta^. h^utdriverdelay.or the like. Theclocksignalon the semrconduo^rdte^ 

thlfore.delayedwi.hrespec,totheclock.utsidethedevice.Whenonec,ocks,gna. 

^S hasundergoneade,aydifferentm,manod.erc.ocksignaUthenvoc.ocks,^a«s.d 

U,haveaphaseoffset. Whenthecloeksi^l interna. to thedevicehasaphaseofi^ 

relative to a Cock signal outside the device, timing Irom one device to another can be 
upset, thereby causing errors when the devices are commumcattng. 

Delay lock loops have been devised to add additional clock delay to the Cock 
30 signalsuchthatthetotaldelayissubstantiallyequaltoanintegernumberofdock 
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When a device is powered on, or wnen ^^^^^ ^^^^^^ ^ ^ 

operate. Delay loouoopswcauyaddo -^^^ ^^^^^^^^ 

' ltir^eIfrse.isiarge,orifmeolo*M»-c^^ 

Por me reasons suied above, ^,^^,i„, presen. 

-™---'"-tr::tar:a"e:odsa..a.para»sror 
^ification,thereisaneedmtheartt 

,0 o„n«o«ingph^omeube0»ee„o.oo.s,gna,s. 

^.*„ven,e«tion^P-"-;°*^j;^^^ 
taven«onand«i.ibeunders»odby eadmg ^ ^^^^^^^ 

.noneembodin>en.an.emodot m„ a^y^^^^^^^^^^ 

.eiudesdeiayingafirsrsi^taavarr^i^^-J^^^^^^ 

„„paringaphaseot*efirsU.gna.v.*ap^ 

^^my fixed an-oun. .o gene^te a-W ^ ^ 
,0 seoondsignaiwiU-aP-eome^^-^ ^^^^ 

Kesponsive^^efirsteon^lsTgnai*^- ^^^^^ 
andr^ponsivetomeseoondconttourp. 

hyaseconddeluyamoun.. ^^ ^^,i,^.W«dea a variable delay toe 

^ ano^er embodrmen. an m.e6» ^ 
25 having an inpu. node, an output node, a fin ) ^ , 

signal on the input node With a Sign 
Xustmentnodeandthecoarseadiustmentnode. 
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• ui M.lav line of the present invention. 

.5 ac.n,panvin.d,aw>nss«hiohfonnapM^^J.^^^^ 

U,„s.raUon,.pec,f.cemWime„.smwh>ch,he^» ^^^^^^^ 
„,.tan»mera.sdescribe»bs.anna,.ys™^»^mp^^^^^^ 

.,e...ew..^ese»..o.i»».a.aes^-— ^^^^ 

Integrated crcuit 100 receives an .„ ,:„.^ a "device boondaiy 
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. 1- ^orv/i<»lav can be introduced by 
. A^\m A device boundary aeiay c<ui u 

mechanisms other than input buffer 106. . ..^^ signal into integrated 

.unaar, delay. .puthufferlO^reeeivesthee^^U^^^^^ 

,„ui..OO,andprovide.a-a,«^^^ 
5 108 and phase detector 130 on node lo . _ ^^^^^^^ 

.ignalonnode ,04isreferred.ohe«inas . delay 

Urextemalcloclcon„odel02,hy an amount «,ualto the dev. 

introduced by input buffer 106. ^ ^^.^ 

VariabledelayUnelOSrecewesE.CWCK 

,0 B^CLOCKto^crdelaytogenerate.— 

as the embodiment shovm in Figure 1. tentative of many 

e,ementswithin.heinte^atedcirc„i..Dev.oe.»».n ^^^^ 

,3sib.ede.oeelemen.swithmm.^or^-^^^^ 
.5 elementthatusesthemtemalclo* Ex^P receives the interna, 

,atches,o„tpu.regis.er.,andou.puthuff».I>e^^^^^^^ 

eioConcontroimputnodelU. ^,^ent.. device 

enableinput,adatainp«t,or.heli.e. ^"^^^^^2^^-- 
,ementl..safap.«opa.c^.^«^^^^^ 
,„ embodimen.s.deviceelem» m-sabu ^^^^^ 

e-l'-^ — '"^''''^"oTaJfedbacUhroughdeviceelemen.dclay 

The internal clock on node no .sato dement delay model 

m„delU6andde.ay element notophased^^rm-.^^^ 
„,hasadelaycharacteristic«close^ma.ch.*^of^ ^^^^^^ 

» -entlZOhasadelayc— .-^^^^^^ 

delayed clock sipul on nodemtsretcrr^ j^^Cj^ 

Pi^detectorlSOcompares^epha^e 'L<^0^^^^^^ 
andcontrolsthedelayofvariabledelayhnelO .jn*^ 
ae.ec.orl30seneratesa«neadiustmen.con..U^^^ 
,0 eont,olonnodel34.When.heph,seoffeetbetweenE. 
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,08 is describe in greater de«il witt. reference » the remainmg figures. 

tIn.ee™Li™e„.s.wHenvariaWede,ay.ine.OSisinsteaays.atet^^^ 

of the ly in variable deUy line .08, device element delay ntode. 116. a^d delay 

I^moLintegern^bercfoloekpeHods. When^esum 
element 120 is an m g ^^lOCK substanHally align m phase, 

10 integer number of dock periods, E_CLOCK and l.^- 
J Hrtector 130 does not make adjustments. 
"''::r:dimentsho»ninRgurel,whenB_CU>CKandI.a^.^^^^ 

..t.«a„yalignedinphase,theintern.c.ockonn„del.^^^^^ 

.....byadelaysubstan^allye^ualtothato evi.^^^^^ 

,5 canbe useful when, for example, device element 112 dnv« dam s gn 

. ■ -.inn l„embodimentswheredeviceelementll2isan 
si^lsoffintegrated circuit 100. ,,,i,„,emen. delay model 

signals with desired phase relationships. 

5 QientRef. No. 99-0748 

Atty. Docket No. 303.662USI 




:.,egra.edci.uU100ea„b.a„yWeofU..e^edci«ui.^ab.eo™a 
aeUv.o!u!^p..n-ee™«™e„«.in.eg«.edci.ui..OO.an.e«oo,-ev.^.^ 

some oi xnc5 asynchronous output element. In 

others ofthese embodiments delay element 112 IS an asyncnron 

3 orerodlments^nte^atedclrcultlOOlsan^ 

(ASIC), in still other embodiments, integrated circuit 100 . aprocessor, such as 
microprocessor, digital signal processor, or the like. .^^3, 

. u ^inFiPurelorovidesamechamsmthatadjustsa 
The embodiment shown m Hgure i provi 

Figure 2 shows phase detector 130. Phase aaecior ,,nft„„a 
,on 230 and 240 Phase detector 130 also includes delay element 206 and 
comparators 220, 230, and 24U. r „ ocK on node 202 and I CLOCK 

,5 delay element 208. Phase detector 130 recetvesE.CLOCK on nod 

„„nL204 Phasecompara.or220genera,esafineinereases,gnalo„node222,and 
i:tIesi^onnode224. Phase comparator 230 generates a coarse mcrease 
;:!:S«2,andphasecomparator240seneratesacoarsedecrcases.gna.on 

node 242. t n orK on node 204 with a delayed 

on Phase comparator 240 compares LCLOCK on noae 

20 ru«» f , f T nrK lacs the phase of the delayed 

T7 rTnrKonnode212. When the phase of I_CLOCK lags me p 
E_CLOLK.onnoacAi ctated differently, when 

E CLOCK, the coarse decrease signal is asserted on node 242. Stated ditt y 

un TLOCKlagsthephaseofE CLOCK by an amount greater tnan the 
thephaseoI.C^LOCKags^P ^^^^^ 

aelay ofdelay element 20,— 

with the exception that I_CLOCK is delay comparator 230 

thedelayedlCLOCKonnode2101agsthephaseofE_CLOCK,phaseco p 

the delayed ,,,„„ode232 Stated differently, when the phase of 

inserts the coarse increase signal on node ZJ/. auii 

u V, .ofECLOCKbyanamountgreaterthanthedelayofdelay 

I CLOCK lags the phase of E_CLU<.*- oy 

9^0 asserts the coarse increase signal on node 232. 
30 element 206. phase comparator 230 asserts me CO 
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. l„ Fi«ue 2 the coarse increase signal on node 232 . 
toU,een,bodimen«sh„™m2^^^^^^^^__^^^^^.^^^i„, 

and the coarse decrease signal on node ,„ some embodiments. 

vaHahle delay line, such as variable delay '^^^^ ' ,„ ^ aelay 
aeUy— 20aa„d20Shave^ay^^^^^^^ 

, incr^entscontroll^lbythecoarsem-^s^^^ 

example, when phase comparators 230 and ^ 
variable delay line such as variable delay ime 2^"-^^^^ 
U,edelaybyanamou.,substantiallye,ual.mede^t^^^^^^^^^__ 

coarse increase signal is assened. ^ „^e„. 206. 

,0 B.CLOCKbyanamountsubstanaa^.V«l^-<^^2 
^.thecoarsedecreases-gnalcanc^t^ad^. 

«,e delay ot delay element 208. As a result, CLO ^^^^^ 
B-CU^CKbyanamount — e,^"^^^^^^^^ 

If LCLOCK lags E_CLOCK less m CLOCK lags 

„arseincreasesignalonnode232isno.as^^^I-^=^^^^ 
^--K,ess.h.,hedelayoCdel.e^^^^^^ 

.notasse^ed. t^t^ , cLOCK is within the phase offset 

^henthephaseoffsetbemeenE.CLOCK^^ 

Wow,thecoarseadi„sbnentcon.rols.gn^^ CLOCK directly. When 

Phase comparator 220 compares ' „„ aode 

I.CLOOCUgsB.CL^^KmoreO.^-^^-^^^^^,, 

....asserted. -^^^J^'^^, ^ fine increase signal on n«le 222 
a,.fi.edecreases,^on.ode^ ^^^^^^.^^^.„.„,„^als 
^tt,efinedecreases.gnalonnode224 ^,1). whenthefine 

increase signal on node 222 IS asserted contrast, when the fine 

"""^""^"rrdrrr::— -----'-^ 

r:l::^CLOCKonnode2..oadvancesaghtly. 
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T^. »..„aime« *ow„ Fi^ 2 include. ^ phase „»rs. 

eachbeingooupledtoadiff^en. delay e,en,».«n*„g.^d^ 
,esee.bodU„enU,s«a.ere„n«>.ofavarta.edeUy.nec.^^^^ 

,^of.wosis„aUafterad.ayh..^— ^^^^ 

20 en*odimen.ofvariabledelaylmel08(F.g^l). V ^^^^^^^^ 
„uWple delay eelU shown ta Figure 3 as delay «m .2. 
«„sa«sho™in variable delay U„el08A;however.any number of dely 

„«Uz»iv.d>ou.depanins^n.d,escopeof..ep.«en— 

VariabledelayUnelOSAalsolnelud^s.^^..^^^^ 

aseo„.l.pu.aane.e^;J-^^^^^^ _ 

"*°Tr^«330ine.udesn,*.es.oraseelen,cn.s„ebasflip-.^p.^ 

Shift register J Each storage element within shift 

30 orthelike,eachhavingacontrolsignaloutput.Eachst 
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. , KU in me shift r.gist«. and the sutcofthebi. is reflected on 

tt-eoontroUi^aloutput t^e-tr ^^^^^ , output is 

^ntro. signals on ' „„n.B.CLOCK input to the output, 

asserted, the eorresponding delay eel 

P„, exan-pie. when the oon„o, signal ^^^^'''^^J^^^y i variahie deiay line 
E CL0CK.0 node 318. -.responds » the ort...^^^^^ 
,...oon^.-„.hecontrolsi^aonno.3^^ 
„„,esthesignalftomnode314tonode318. Inlhts 

3,aisadded,othede.ayofdd^««3^^^^^^^^^ 
„ Variable delay ImelOSA achieves ^ 4,^ internal 

.,,riab.enu™berofdela,ce,ls,eachhavn,ga^^^ P 

,„.onnode3.S. Theshortcst^lay.— ^-^^^^^ 

toy cell 316. increasing amounts of delay . 

ee.lstodelaycel.316. ^^^ri.. ,«onal delay cells are 

cel.3.6>edelayinvariablede.y.»e SM 

,<,dedwhenshiflregister330,s shrM ^ 3,^«o„el delay is added to variable 
additional control signal outputs are asserted, and 

delay line 108A. 330 ean be shifted by more than one storage 

^ some embodiments, shrft ^ ^ 

,0 element .0 create a coarse mcremen. » the deU^ ^ 

--T"?r:rerirx:>--°-'=-- 

inereasean.coarsedecreasesi^sareuse«.«=h^ 
« Thefhrehrcreasesignalandflne^^^ -^^^ 
caused by the coarse adjustment srgnals. In som 

30 corresponding to output nodes 412, 414, 415, 
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^ ♦ M7 444 446, and 448. Block 410 
four storage dement correspondmg to output nodes 442. 444, 44 
r^eives a Sne increase si^l ftom node 470 on shift left mput node 424. and block 440 
Xa.efineincreasesisnalonsl.ft left inputnode454. B,ock410 r«e.vesaftn 
ZLes,gna.^n,node472onsHiftrigK.inputnode42«..dMoc.440^.v.^ 

5 f,„ede^sig„a,onshiftrightinputnode456. ^^^en the fine. ncreas.^^ 
asse«ed.M„cks410and440perforn,ashift .eft operation. Ukev.se.«h n^^^ 

decreasesigna.isasse,t«..bloc.cs410and440perforn.ashiftngh.oper«^^^^^^ 
T^eshiftlefta„dshiftri^.opera.ionsperfor«ash.ftofas,ngleb.t, For 
e.an,p.e.itthestorageelen.en.scorrespondingtoo„tputnodes412and414a«se.=.^ 
.0 :elinings.oragee.en,entsarenotset.afterasbift.eftopera«..stora^ee^»^ 

correspondingt„o„.putnode4,2.414,and4.6ar.se.. When slnft reg.. r 3^^ .s 
u.iJinavariablede.aylinesucbasvariabledela,.inelOSA(P.g»e.^ 

,5 Theshift.eftandsbiftrightoperaaonsworkacrossbloclcboundaries.For 
' oxa„."les.orageelen.e„tcorrespond.gtooutputnode41Sisset..d.^ 

Ctc„rrespond.gtoou.pu.node442isnotse..asMftleftop».,o>^^^^^^^^ 

.to..geele.entcorres.nd.gtoou.putnode44. 

inout to block 440 at least significant bit input 419. When blocK 44u p 
.0 X^on.thes.„rageelen.en.correspond.g«,o„,pntnode442r.ceives^e^ne 

n eas.significan.bitinput4,9. Shift ri^t operatic. wotk the santewa, as shtft 
r-fttperafiorwi.h.heexcepU»,thatthey.ork.oth.rightra.her.hanthe.ea 
' Tbecoarseincreasesignalonnode4,4isi«pu.to,„gicga.es 2„and4=^^ 

Logic gate 420 combines the coarse increase signal with a most si^fieant ,. .^m 
« ursi^fican.stageonnode421.Theoutputonogicga.e420dnvesthes«^. 
~de422orb,ock410. Tbe set al. input node, when asserted, cans, all stooge 
nwithinblock4,0tobeset. Likewise, logic gate 450 contbmes the eoa^e 
"sl«.with.he„os.significantbitftomhl.k410anddrivesthesetaU.pu. 

oTbl„ck440. Whenthemos.si^ficantbit„rblock4.0isasserted^.»^ 
,0 :ode4.8isa.soasserted. It when output node 418 is asserted, the coarse mcrease 
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all storage element w*." block 440 „3„e 

^ecoa.eaec.ea..sn.o„»^^ '^^^^ 
ta^ase signal, bu. in .he oppos,.e ^^.^^ 
. inpnUologicga.4SS3n.^^^^^^^^^ 
,^ifioan.bi.of*emore.gnfi-^^^^^^ 

„H=n .he leas. signiSoan. b,. -> " J „ , ,e rese.. For example. 
"-'^--'-"^'-t::^rg: .sl-.ailinp«.noae430. When^^ 
block 410 receives a signal from log.c g 
,0 leas.signifioan.bi.ofblock440is.o.se.,on.,^u».e^ 

15 sir.gles.orage element or canbe dnfte resulting in larger 

.„ omer embodiment, blocks hold more ^^ ^ ^ ^ „. 

eo^eadinsmrents. -^-^r^'Irl embodiment, blocks hold varying 
^uUinghrsmallercoarseadius^™.. ^^^.^^^^ 
„™„bersofstoragcclements,s«chthatd.ffere variable delay Une 

, HgnreSisanalternate — -^^^^^ 

.08B isoneembodimen.ofvar.able delay .me^8.^^^^^._^_^ 

divided into a coarse 

aaj..shnen.por..on, a». a .u. - ^^^^ ^ 

adi„s»en.por.ioninc,ndesshlft.gis«5^-^^^^^^ 
^«.eadiush.en.por«onincu«^«J^^^^ 
« 546. TKecoarseadjus».».,»mona^.^^^'^^^^^^ 

similar «, variable delay hnel08A(F.gnre3). ^^^^^^^502 

--^^^^^ 

also receives the coarse decrease ^ ^ „„„ 

-^»=««--'°^'^ri::Jre;»50.receivesanasser.edsigna,on 
30 ouwu. nodes become assened W.""^™ P 
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5 toermediate clock on node 540. The mt ; fee delay 

f,„eadius.»en.ponlo„ofvaHaHedelay ne^l^aNo.^^ ^^^^^^ 

ee,.542,SM,and546. Sl.ftreg,.«r .2 .^-^ 

^"•"°-^"^ir:s:t:rr«ono.«...«- - 

generated on node 560. ^ ^ a«e fine 

aepanlns ftom me scope of *e pre.^. — ^ ^ ^^^^^ 

,5 Figure 6 shows wavefonns of sr^als dunng m P ^.^^ 

.,.One.arr..c.lay.n— 

6, mcludes phase detector 130 (Figure 2), cLOCK on node 202, and 

^- A\ P CLOCK 602 corresponds to 
^s.er330(F.gure4). ^f"^ ^^^,,^^,^2). Thephaseof 
I_CLOCK 622 corresponds toI.CLOC ^^^^^^j 
20 E.CLOCK602iscon,pared.o«>ephaseonCLCX: 

,_CLOCK602. - — ^"™^^;rV^„6041saphas^ 
,_CU,CK622.dpha.^^-^--;^ 

difference in wtachE.CLOCK 602 lag . ^,^ed at 642. Fine 

K„e 206 (Figure 2). As a resuU. coarse mcrease s.^ 640 

25 increase signal 650 is also asserted at 652. „ fl„e increase 

Asar^ultoftheassertionsofcoarsetnce^stgn 

,^.0.1_C.OCK622issUgh.l,.^ed-^^^ 
..parisonoccursagatadur^Spenod^P-^ 
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ocu nurineoeriod 684 the comparison 
, CLOCK 622 is again delayed furfter as a D^B p. 
o;E.CLOCK.02a„dI,CLOCK622yie.dsphased„6^^^^^^^^^ 

--es----'--''-r::rro::;.odi.. 

„o. assened. but fine increase s>g^i '^"^ ^ ,„„^, 650 

5 phaseoomparis<,nyieldsphased.fferenee610.wtachres 

-J Thereafter, the phase companson yields phase ollseiD 

being asserted at 658. Thereaft^-, ^.^^ ^„ 

is less than a threshold in phase comparator 220, and ne,m 

^ni^rtl CLOCK622substanaallyahgn. Coarsedecreasesign 

!^Lerenotusedin.hisscenariobecaaseI.CUDCK622d.dno.lag 
decrease s.g„a.670we«no^ ^^^^^^^_^,_^^^^,3,,,^ 

E.CLOCK 602, One stalled tn th a« ^ 

Tj rr nrK 602 coarse decrease Signal 66U ana nnc u 

E.CLOCK 602, substantially align m 

15 reduce phase offsets until E_CLOCK 602 ana _ 

pig„re7showsaprc«essingsys.en,accordingto.heinvenUo„. Systen.700 
.Jrior702,and.e„o.y70.:syste„r.00o...^^^^^^ 

„.roUer,ortheli.e. "--V 70. U a .e.o.^« -^^^^ 
..ps..hasthede.ay.ocUoopshowr...^e.P™^^^ 

^^unicateusingaddressst^onn^eTO «n^^^^^^^ 

r.A^ 706 Tn some embodiments, a ciocK si&iim 5 
25 signalsonnode706. ^^^^^^.^..^.p^ts of circuit elements that dnve 

loop internal to memory 704 is used to on 

It,nfmemory704. Forexample,datasignalsonnode706canbedn 

outputs of memory 704 ^ The delay lock loop internal to 

elementssuchasdeviceelementlUC^.^^^^^ 
memory 704 provides a mechamsm for efficient comm 
30 702 and memory 704. 
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A variable delay line and method therefor have been described. The variable 
delay line can be used in a delay lock loop within an integrated circuit. 11.= vartable 
delay line receives coarse and fine adjustment controls from phase comparators The 
5 coarse and fine adjustment controls cause a shift register associated with the delay 
element to shift varying amounts, thereby causing a varying anrount of delay to be 
added or removed ftom the variable delay line. b. one embodinrent, the shrft regtster .s 
^uped into blocks, and the shift register shifts a block at a time in response to the 
larse controls, b. another embodiment, one shift register adds or removes coarse delay 
,0 cells h, response to the coarse controls, and another shift register adds or r»oves fine 
delay cells in response to the fine controls. 

Although specific embodiments have been illustrated and described herein, « 
v^U be appreciated by those of onlinary skill in the ari that any amngemen. wbrch ts 
calculatedtoacMevethesamepurposemaybesubsti^rt^forthespecificetn^u^^^^ 

,5 shown. Thisapplicationisintended.ocoveranyadap.ationsorvanat.ons fthepr^^^^ 
invention. Therefore, it is manifestty intended fl.at this invention be Irnntcd only by *e 
claims and the equivalents thereof. 
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